Introduction
This note collects some open questions on three separate topics. Sections 1 and 2 are concerned with different aspects of compact-covering maps, and Section 3 with continuous selections. All our questions deal with fairly basic, intuitive concepts, and the questions in Section 1 are of interest even for subsets of the plane.
Inductively perfect maps, compact-covering maps, and countable-compact-covering maps
Recall that a surjective map f : X → Y (all maps are continuous) is inductively perfect if there is an X ⊂ X such that f (X ) = Y and f |X is perfect. (If X is Hausdorff, this X must be closed in X). Since the inverse image under a perfect map of a compact set is always compact, every inductively perfect map f : X → Y must be compact-covering (i.e., every compact K ⊂ Y is the image of some compact C ⊂ X), and clearly every compact-covering f : X → Y is countable-compact-covering (i.e., every countable compact K ⊂ Y is the image of some compact (not necessarily countable) C ⊂ X).
The following two questions were raised in Michael [1981b] , where their background and motivation are explained. In essense, negative answers to these questions would provide negative answers to two rather natural questions about whether two theorems about open maps remain valid for the larger class of tri-quotient maps introduced in Michael [1977] . Unlike these motivating questions, however, Questions 1.1 and 1.2 do not involve tri-quotient maps and are entirely about elementary, standard concepts. The following remarks may be helpful. map f : X → Y from a metric space X onto a paracompact space Y , with every f −1 (y) complete in the given metric on X, must be inductively perfect (Michael [1959b, Corollary 1.2] (Ostrovsky [1986, Theorem 2])).
1.6. The answer to Question 1.2 is "yes" if f is open. (Indeed, every open map from a first-countable space X onto a countable regular space Y has a cross-section (Michael [1981a, Theorem 1 .1])).
1.7.
The answer to both parts of Question 1.1 is "yes" if X is completely metrizable. (Indeed, every countable-compact-covering map f : X → Y from a completely metrizable space X onto a paracompact space Y , with each f −1 (y) separable, is inductively perfect (Michael [1977, Theorems 1.6 and 6.5(a) and Remark 5.3])).
1.8.
The answer to Question 1.2 is "yes" if each f −1 (y) is completely metrizable (and thus the answer to Question 1.1(b) is "yes" if Y is countable). (Indeed, every compact-covering map f : X → Y from a metrizable space X onto a countable regular space Y , with each f −1 (y) separable and completely metrizable, is inductively perfect (Michael [1981b, 1.2(c) and Theorem 1.4])).
1.9.
The answer to both parts of Question 1.1 becomes "no" if the sets f −1 (y) are not assumed to be compact (or at least complete), even if f is open. For 1.1(a) this follows from Michael [1959b, Example 4 .1], and for 1.1(b) from Michael [1977, Example 9 .7].
1.10. The answer to Question 1.1 becomes "no" if "countable-compactcovering" is weakened to "sequence-covering" (in the sense that every convergent sequence, including its limit, in Y is the image of some compact set (not necessarily a convergent sequence) C ⊂ X). See Michael [1979, (3) ].
Quotient s-maps and compact-covering maps
Recall that a map f : X → Y is an s-map if every f −1 (y) is separable. Compact-covering maps were defined in Section 1. Question 2.1. (Michael and Nagami [1973, Problem 1.5 The following remarks will help to explain the origin of this question.
2.2.
The answer to Question 2.1 is "yes" if "quotient" is strengthened to "open" in both hypothesis and conclusion (Michael and Nagami [1973, Theorem 1.4 
]). §3]
Continuous selections 275 2.3. The answer to Question 2.1 is "yes" if "s-image of a metric space" is strengthened to "image of a separable metric space" in both hypothesis and conclusion (Michael [1966, Theorem 11.4 and Corollary 11.5] ).
2.4.
The answer to Question 2.1 is "yes" if "compact-covering" is weakened to "sequence-covering" in the sense of (1.10) above (Gruenhage, Michael and Tanaka [1984, Theorem 6 .1 (b)→(a)]). 
Continuous selections
The questions in this section are all related to the following result.
Theorem (Michael [1956c, Theorem 1] and [1956a, Theorem 3.2 ]). Let X be paracompact, Y a Banach space, K ⊂ Y convex and closed, and ϕ: X → F c (K) l.s.c. Then ϕ has a selection.
In the above theorem,
Theorem 3.1 remains true, with essentially the same proof, if Y is only a complete, metrizable, locally convex topological linear space. More generally, and with rather more effort, one can show that if suffices if Y is only a complete metric space with a suitably defined "convex structure"; see Michael [1959a] and a recent improvement by D. W. Curtis in [1985] . That is as far as our knowledge extends in this direction; without dimensional restrictions on X, no way has been found to significantly weaken these rigid convexity requirements on Y . (By contrast, if X is finite-dimensional , then there are purely topological conditions on the sets ϕ(x) which are not only sufficient but also necessary (Michael [1956b, Theorem 1.2] ). It is hoped that answers to the following questions may shed additional light on various aspects of this problem; my conjecture is that all three answers are negative. Before turning to our next question, observe that the assumption in Theorem 3.1 that K is closed in Y cannot simply be omitted, even if X = I (Michael [1956a, Example 6.2 
]).
Question 3.3. (Michael [1988b] The following remarks may be helpful.
All three questions are open even if
X is a compact metric space.
3.6.
The answers to all three questions are "yes" if dim X < ∞; see Michael [1956b, Theorem 1.2] for Questions 3.2 and 3.4, and Saint-Raymond [1984] or Michael [1988a, Theorem 1.3] for Question 3.3.
3.7.
The answer to Question 3.2 becomes "no" if the sets ϕ(x) are only assumed to be infinite-dimensional, closed linear subspaces of Y ; this result, which answers Michael [1988b, Question 2] , follows from a recent example obtained independently by Dranishnikov [1988] and by Toruńczyk and West [1989] . (A somewhat simpler example, where the sets ϕ(x) are only infinite-dimensional, closed convex subsets of Y , can be found in Michael [1988a, Example 10.2] ). Michael [1988a, Theorem 1.4 ] that the answer to Question 3.2 is "yes" if the function ψ: X → F c (Y ), defined by ψ(x) = ϕ(x) ∩ {y ∈ Y : y ≤ 1}, is continuous with respect to the Hausdorff metric on F c (Y ) (rather than merely l.s.c.). In fact, this remains true even if the sets ϕ(x) are only assumed to be infinite-dimensional, closed linear subspaces of Y .
It follows from

3.9.
It follows from (3.8) that, if B is an infinite-dimensional Banach space and if X = B * \{0} and Y = B\{0} (both with the norm topology), then there exists a continuous f : X → Y such that u(f (u)) = 0 for every u ∈ X (Michael [1988a, Theorem 1.5]) . If the answer to Question 3.2 is "yes", then such an f exists even when X carries the weak * topology and Y the norm topology.
3.10. The usual proof of Theorem 3.1 (see Michael [1956c Michael [ ] or [1956a ) depends on the existence of a metric on K (the one obtained from the norm) which is complete and which "relates well" to the natural convex structure on K. Under the weaker hypotheses of Question 3.3, however, there exist metrics on K satisfying either of these two requirements but apparently no metric satisfying both of them. That helps to explain the difficulty in trying to obtain a positive answer to this question.
The answer to Question 3.3 is "yes" if (conv C)
− ⊂ K (closure in Y ) whenever C is a compact subset of some ϕ(x) (by Michael [1959b, Theo- 3.12. Question 3.4 is related to the following old problem: Let Y be a metrizable topological linear space. Must Y (or even every convex subset of Y ) be an absolute retract? (Some discussions which relate to this problem can be found in Klee [1960b, 1960a] and Dugundji [1965] ).
